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Abstract 

We study the consequences of timelike and spaccelike conformal 
Ricci and conformal matter collineations for anisotropic fluid in the 
context of General Relativity. Necessary and sufficient conditions are 
derived for a spacetime with anisotropic fluid to admit conformal Ricci 
and conformal matter collineations parallel to u*^ and x". These condi- 
tions for timelike and spacelike conformal Ricci and conformal matter 
collineations for anisotropic fluid reduce to the conditions of perfect 
fluid when the heat flux and the traceless anisotropic stress tensor 
vanish. Further, for a = (the conformal factor), we recover the ear- 
lier results of Ricci collineations and matter collineations in each case 
of timelike and spacelike conformal Ricci collineations and conformal 
matter collineations for the perfect fluid. Thus our results give the 
generalization of the results already available in the literature. It is 
worth noticing that the conditions of conformal matter collineations 
can be derived from the conditions of conformal Ricci collineations or 
vice versa under certain constraints. 
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1 Introduction 



In General Relativity (GR), symmetries are used to understand the natu- 
ral relationship between geometry and matter given by the Einstein field 
equations (EFEs). Symmetric system has not only the advantage of certain 
simplicity or even beauty but also special physical effects frequently occur. 
The symmetries are important in the classification of spacctime. Symmetries 
of geometrical/physical quantities are known as collineations. A symmetry 
(coUineation) is defined by a relation 

£^4) = A, 

where £ is the Lie derivative operator, ^ is the symmetry or collineation 
vector, is any of the quantities Qah, Rtcd-! ^ah, ^tc^ '^ab and geometric 
objects constructed from them, A is a tensor with the same symmetries as (p. 
When (pab = Qab and Aab = '^ctgab, the symmetry vector ^ is called conformal 
Killing vector (CKV) and specializes to KV when a — 0. When = Rab 
and Aab — cuRab, the symmetry vector ^ is called conformal Ricci collineation 
(CRC) or Ricci inheritance collineation and specializes to Ricci collineation 
(RC) for a = 0. 

£^Rab = OiRab- (1-1 ) 

When 4>ab = Tab and Aab = ctTab, where Tab is the energy momentum ten- 
sor, the vector ^ is called conformal matter collineation (CMC) or matter 
inheritance collineation and becomes matter collineation (MC) when a — Q. 

£^Tab = aTab- (1.2 ) 

The function a in the case of CKVs is called conformal factor and in the case 
of conformal or inheriting collineations the conformal or inheriting factor. It 
is mentioned here that we are using the term conformal Ricci or conformal 
matter collineation instead of Ricci or matter inheritance collineation. 

The study of inheritance symmetries with CRC and CMC in fiuid space- 
times has recently attracted some interest. Oliver and Davis, [1,2] gave nec- 
essary and sufficient conditions for a matter spacetime to admit an RC. 
Letelier [3] discussed anisotropic fiuids with two perfect fiuid component. 
Herrera and Ponce [4-6] studied CKVs with particular reference to perfect 
and anisotropic fiuids with different combination of fiuids. Maartens et al. 
[7] made a study of SCKVs in anisotropic fiuid. Carot et al. [8] investigated 
spacetime with CKVs. Coley and Tupper [9] studied spacetimes admitting 
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SCKV and symmetry inheritance. Duggal [10,11] discussed curvature inher- 
itance symmetry and timehke CRC in perfect fluid spacetime. The theory of 
spacelike congruence in GR was first formulated by Greenberg [12] who dis- 
covered its application to the vortex congruences in a rotational fluid. This 
was developed further and applications to spacelike CKVs in spacehke con- 
greuence were considered by Mason and Tsamparlis [13]. Yavuz and Yilmaz 
[14] and Yilma et al. [15] considered CKVs and SCKVs and worked on the 
conformal curvature symmetry in string cosmology. Yilmaz [16] also studied 
timelike and spacelike collineations in string cloud. 

Tsamparlis and Mason [17] investigated RCs in fluid spacetimes (perfect, 
imperfect and anisotropic fluids). Tsamparhs [18] discussed the conditions 
on the kinematic quantities of the congurence of the vector fleld generating 
the collineation. Baysal and Yilmaz [19] worked on spacelike conformal Ricci 
coUineation (SpCRC) in a model of string fluid and string stress tensor. The 
same authors [20] also studied timehke and SpRCs in the model of string fluid. 
Sariddakis and Tsamparhs [21] discussed the apphcations for SpCKV and 
matter described either by perfect fluid or by an anisotropic fluid. Recently, 
Tsamparlis [22] discussed general symmetries of string fluid spacetime. In a 
recent paper, Sharif and Umber [23] have investigated timelike and SpCMC in 
speciflc forms of the energy-momentum tensor. They discussed the necessary 
and sufficient conditions for a vector to be timelike and spacelike admitting 
CMC. 

The main purpose of such kind of work is the simplification of the EFEs 
to find the exact solutions. We describe the geometrization of a symmetry in 
terms of necessary and sufficient conditions on the geometry of the integral 
lines of the vector field that generates the symmetry. This enables us to 
express symmetry in a form which is convenient to the simplification of the 
field equations in a direct and inherent way. The symmetry can be studied in 
most convenient way if we take the Lie derivative of the field equations with 
respect to the vector u"- or that generates the symmetry. This yields an 
expression such that the left hand side contains the Lie derivative of the Ricci 
tensor and the right hand side has the Lie derivative of the energy-momentum 
tensor. Consequently, we have the field equations as Lie derivatives along the 
symmetry vector of the dynamical variables. 

In this paper, we shall elaborate the necessary and sufficient conditions for 
the existence of timelike and spacehke CRC and CMC for anisotropic fluid. 
The layout of the paper is the following. In section 2, we review the 1-1-1-1-2 
decomposition and consider the decomposition of the quantities which will be 
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used in later sections. In section 3. wc investigate the kinematic conditions 
for timelike and spacelike CRCs and CMCs. Section 4 is devoted to derive 
the necessary and sufficient conditions for anisotropic fluid spacetime which 
admit CRCs. In section 5, we derive these conditions for anisotropic fluid 
spacetime which admit CMCs. Finally, section 6 contains summary and 
discussion of the results. 

2 Notation 

Let us consider a spacelike four position vector and the corresponding unit 
timelike four- velocity vector u". Both the vectors are perpendicular to each 
other satisfying the relations given as follows 

= WXa^Q, x'^Xa^l. (2.1) 

The kinematical quantities Uab, ujab, Ua and 9 are defined [24] as 

iia = Ua.,nU^ = ^, (2.2) 

JJt 

i^ah = U[a-b\+ U[aUb\, (2.3) 

Q 

C^ab = U(a;b) + U{aUb) - :^hab, (2.4 ) 

= (2.5) 

Using these quantities, the covariant differentiation of the four-vector velocity 
can be written in 1 + 3 decomposition as follows 

Ua-b = (^ab + CTab + -hab " UaU^. (2.6 ) 

The projection tensor, hah = 9ab + UaUb, has the following properties: 

h'^x.^x'', rte = 0, hih'a^hl, hcd^hdc, K^3. (2.7) 

If we use = ^u"', the conformal Ricci and matter symmetries, respectively, 
can be re-written as 

Rab + 2u'R,^Jnib) + 2i?e(a<f,) = PRab, (2.8 ) 

fab + 2u'^T,^Jnib) + 2T,(aU%^ = l3Tab, (2.9 ) 
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where (3 — j. We define the screen projection operator normal to both u'^ 
and as 

which obeys the following properties: 

HabU'^ = = HabX"', Habhl = Hoc, i/" = 2. 

The 1 + 1 + 2 decomposition of Xa-fi can be given as follows [25] 

Xa;b = Aab + X*^^ - XaUb + Wa[x*Ut;6 + {x^Uf)Ub - {x^U*f)Xb], (2.10 ) 

where s* — s,„.aX"' and Aab — H^H^Xc-a- The decomposition of Aab into its 
irreducible parts is 

Aab — Sab + Bab + -^^Hab, (2.11 ) 

where Sab — Sba, 5"^ = is the traceless part (shear tensor), Bab — —Bab 
is the antisymmetric part (rotation tensor) and £ is the trace (expansion). 
These quantities are given as 

Sab = {H^H^ - -H'"^Hab)X(^c;d), Bab = HlH^X\c-d\, £ = H'^Xc-d- (2.12 ) 

We can write the square bracket term in Eq.(2.10) as 

- Nb + 2wfbX^ + H^Xf, (2.13) 

where Na is given by 

Na = H'^{xb-ul). (2.14) 

This is called Greenberg vector [25]. Using Eq.(2.13) in Eq.(2.10), it follows 
that 

Xa;b = Aab + X^Xb - XaUb + H^XcUa + {2WtbX^ - Nb)Ua. (2.15 ) 

Also, we have 

x^Uf-b = 2a;-^M[/.6] +ul = -2ujbfX^ - {xfU^)ub + ul. (2.16 ) 

When = ^x"-, the conformal Ricci and conformal matter symmetries can 
be written as 

Rl, + 2x'R,^a In ib) + 2i?e(a4) = PRab, (2.17 ) 

T;, + 2xX(alnO) + 2r,(„4) = (3Taj,. (2.18 ) 
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where (3 — j. 

The energy-momentum tensor of anisotropic fluid is given by [24] 

Tab = pUaUb + phab + 2q^aUb) + T^ab-, (2.19 ) 

where p is the total energy density, p denotes the isotropic pressure, is 
the heat flux vector and Tiab is the traceless anisotropic stress tensor. The 
quantities and T^ab satisfy the following relations: 

U^a = 0, T^abU'' = 0, < = 0. 

Using the Einstein field equations 

Rab — -^Rdab + ^9ab — Tab, 

where A is a cosmological constant, the Ricci tensor of anisotropic fluid can 
be written as 

Rab = (P + P)UaUb + +^{p -P + 2A)gab + ^q^^Ub) + T^ab- (2.20 ) 



3 Timelike and Spacelike Conformal Ricci 
Collineations 

This section is devoted to prove the necessary and sufficient conditions for 
the existence of timelike and spacelike CRC in the model of anisotropic fluid. 
In addition, we shall give the conditions for the existence of timelike and 
spacelike CRC in the form of kinematical quantities. 

Proposition 1: 

Anisotropic fluid spacetime with Ricci tensor, given by Eq.(2.20), admits a 
timelike CRC = ^m" if and only if 

p + 3p+2(/9 + 3j9-2A)(lnO =/3(p + 3p-2A), (3.1) 
(p + 3p-2A)[K„-(lnO,a-(lnO«a]+2ga + 2g„(lnO 

+ 2qbu'ua + 2q'u;ab + 2q'aab+'^eqa^2f3qa, (3.2) 

p - p+lip-p + '^^W + ^ufq^ -^q^'^^OJ + l^^'^'^fb 
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= (3{p-p+2K), (3.3) 
[p - p + 2A)aab + '2q(^aUb) - -^q^Ufhab - 2g(a(ln^),fe) - 2M(ag;,) (In ^) 

+ \0T^ab + |/ia&9-^ (In 0,/ + TTab + 27r f(aUb)U^ + '^^fiaU^b) + '^'^fia^^b) 



3 3 
h) 3' 



2 

+ 27rfla(jL - -habT^^'^CTcd = (^T^ab- (3.4 ) 



Proof: 

First we assume that timclike CRC exists in this spacetime and prove that 
the conditions given by Eqs.(3.1)-(3.4) are satisfied. 

When we substitute the value of Ricci tensor for anisotropic fluid from 
Eq.(2.20) in Eq.(2.8), we have 

{p + p)UaUb + 2(p + p)u(^aUb) + ^(P " P)9ab + '^QiaUb) + '^q^aUb) 

+ T^ab - (p + 3p - 2K)u(a{lni)fi) - 2g(„(ln^),b) + (p - p + 2A)ii(„.b) 

+ 2qfU(aU^^) + 27r/(„M^j,) = /3[(p + p)uaUb + i^{p-p + '2A)gab 

Using 1 + 3 decomposition of Ua;b, the above expression can be written as 
(p + 3p) + (p + 3p - 2A) (In ^)]uaUb + [{p + 3p- 2A) {ii, - (In ^ ,c) 



f J- J- ' 

+ 2(ln^)gc + 2gc + 2q-^{afc + Ufc + -9hfc,)]u{ahl. + {-{p - p)Kd 



^%c)]W(a/i6) + {\ 

1 2 
+ (P - P + 2A)((Tc<i + -9hcd) + TTcd + ^^'TTcd + 2g(c[?id) - (InO.d)] 



2, ' 3 

+ 27r(/,[a;i) + = /5[^(p + 3p - 2A)M„Mfe + l(p - p + 2A)/?.,6 

+ 2qf^aUb)+T^ab]- (3.5) 

Contracting Eq.(3.5) in turn with M«'^x^ m"/^^, /i"** and h^h^ - \h''^hcd, we 
obtain 

p + 3p + 2(p + 3p-2A)(lnO =/9(p + 3p-2A), (3.6) 
(p + 3p-2A)/i;;[M,- (InO.fe] +2ge + 2g/n^n, 

+ 2(ln^jge + 2/cu/e + 2g^a/e + ^gc^ = /3gc, (3.7) 



3p - Sp + 2{p - p + 2A)e + Ail f qf -Aqf {In ^) J 

+ 47r%5 = 3/3(p-p + 2A), (3.8) 

iKhd - ^h''^Kd)[{p-p + 2A)aab + 2q(^aUb) + T^ab 



'b) ^ ^"/(a^6) ^ 3^ 



- W'KdKb. (3.9 ) 



Since 



iK^d - -^h°'^hcd)(yab = CTcd, 

1 2 
(KK - ■^h'^''hcd){qaUh + qhUa) = 2g(citd) - -^q^Ubhcd, 

iKhd - ^h'^'^h^dXb = TTcd + 27rb(cUd)u\ 

{Kh'^-^h'''hcd){7rfau;l + 7rfbu;[) = ^TTf^cU^^, 

iKhd-lh'''hcd){7Tfa'jl + 7rfbal) = 27rf^cai^ - '^hcdn^'aab, 

(/i»/i^-^rterf)(g„(lnO,(. + g(.(lnO,a) = 2g(e(lnO,d) + 2ii(egci)(lnO 

2 

Substituting these values in Eq.(3.9), it follows that 

2 

{p - P + 2A)o-cd + 2g(cUd) - -q^Ubhcd + Tfcd + 27r„(cUd)w" 

2 

- 2g(e(lnO,<i) - 2ii(cgd)(ln^) + -/icdg''(lnO,6 + '^T^Kc^d) 

f 2 . 2 
+ 27r/(c(T^) - -hcdn"- Gab + -6'7rcd = (^i^cd- (3.10 

(i) Eq.(3.6) is the same as Eq.(3.1). 

{ii) Eq.(3.2) is obtained by expanding /i^ in Eq.(3.7). 
(m) Eq.(3.8) is the same as Eq.(3.3). 



(iv) Eq.(3.10) gives the condition (3.4). 

Now we shall show that if the conditions (3.1)- (3. 4) are satisfied, then there 
exists a timelike CRC in anisotropic fluid spacetime. For this purpose, we 
consider the left hand side of Eq.(3.5), i.e., 

[i(/9 + 3p) + (/9 + 3p- 2A) (In 0K«6+ [(/=? + 3p-2A)(«e - 

f 1 

(lnO,c) + 2{]n$)q, + 2qc + 2qf{afc + ujfc + -ehfc)]u^aht) + 
1 • 12 

-(p - p)hcd +{p-p+ 2A)((Tcd + -9hcd) + TTcd + -OTTcd 

+ 2g(J^rf) - i\nO,d)] + 27r(/e[a;i) + (jf^-jKhl 

Now we make use of Eqs.(3.1)-(3.3) in the above expression so that 

2 

{P - P + '^J^)(^ah + 2q(aUb) - -^q^Ufhab + T^ab + 27rf(aUb)U^ 

2 

- 2g(„(lnO,6) - 2M(„gb)(lnO + ^habq^0.n^)j + 27r f^aU^l^ 
2 2 

+ 27r/(aO-f) - -habn'"^(Tcd + '^O'Kab + /?[(P + P)UaUb 

+ ]^{p-p + 2K)gab + 2q^aUb)]- (3.11) 

Using Eq.(3.4), we flnally obtain 
1 1 

/3[-(p + 3p - 2A)UaUb + -{p-p + 2A)hab + 2q(^aUb) + TTab]. 

This is equal to the right hand side of Eq.(3.5). Hence the conditions (3.1)- 
(3.4) are necessary and sufficient for anisotropic fluid spacetime to admit a 
timelike CRC. 

Proposition 2: 

Anisotropic fluid with Ricci tensor, given by Eq.(2.20), admits a SpCRC 
— ^x^ if and only if 

(p + 3py + 2{p + 3p -2 A)xau'' -MaX^'iln^) -iq^Na 

+ AqaX^u^x"^ = l3{p + 3p-2A), (3.12) 
{p - p + 2A)[< + (lnO,a - (lnO*^a] + 2{nabx'y - 27r>Vx„ 
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+ 27redxV(lne),„ - 47re<ixV(lnO* + 27rabx\]nO* + 2x%{lnO*Ua 

- 27rcdX*^x'^Xa - 2TTcdX''x'^Ua + 2XcifqdX'^Ua + 2T:'^XdAac + 2q''x'^UadXc 
= 2(5[KabX^ - T:cdX''x'^Xa + qhX^Ua], (3.13) 

(p - p + 2A)Ar„ + 2(p+3/)-2AKbx'' + 2g„a;''M6-2?ca:^^i;%x„ 

- 2ql + 2?:x'^Xa - 2g>%„ + 2t:1^u'' + 27rcd«*^a;'^x„ - 2g,x^(ln 0,a 

- 2^6X^(111 0«a - 2q,x\\n + 27r;.„a;^(ln - 2T,,dx''x\\n Ox„ 

+ 2TTahX^ - 2TTcdx''x'^Xa - 2q'^ Aad = + g6a^''a;„) , (3.14 ) 

(p - p + 2A) [2(;nO* -e\+ Z-k^^x'^x'^ + 67r„;,a:^x"(ln 0* + 27r„6X*''a;" 

- 27r«''x„(ln 0,6 + 2x"g''a;„;, - 27r«^^b = 3/37r„^,x«x^ (3.15 ) 
(p - p + 2A)5„6 + 27rc(aA^) - 27r^'^a;<iAc(„a;6) + 2x^1: ^(aUv) - 2HahTT'"^A^d 

+ 7r*(, + 2m%*(„M6) - 2x''7r*(„a;6) + Tr^x^x^XaXb - 2'K*^x''u'^X(^aUh) 

+ ^Hab'n:*dX''x^ - 4:x''q(aUJb)c + 4:x''qdx'^X(^a^^b)c + 2HabUJcdq''x'^ 

+ 2x%c(a(lnO,6) - 2a;''x°'7rcd(lnO,(aa;6) + 2(\n^)7ic(aUb)x'' 

- 27rcdx''x'^(\n^)x(^aUb) - 2x''{\n^)*7VciaXb) + 2x''ncdx'^{ln^)*XaXb 

- Hab[XcTT'''^{ln^)^d - 7rcdxV(lnO*] = Pll^ab - 2x''TTc{aXb) 

+ 7TcdX''x'^XaXb+^Hab7rcdX''x'^]. (3.16) 

This can be proved on the same lines as Proposition 1. 



4 Timelike and Spacelikle Conformal Matter 
Collineations 

In this section we shall state and prove the necessary and sufficient conditions 
for the existence of timehke and spacelike CMC in the model of anisotropic 
fluid. 

Proposition 3: 

Anisotropic fluid spacetime with the energy-momentum tensor, given by 
Eq.(2.19), admits a timehke CMC = ^w" if and only if the following 
conditions are satisfied. 

p + 2p(lnO=/3p, (4.1) 

p[Ua - ((lnO,a - (InO^a] + + qfU^Ua + (In^^a 
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_|_ 


rf^ { ,) £ _|_ CT £ A- — On — f^n 
y ^fa \ H ^ fa \ 3 — Mya? 


p 


+ 


IpO + \tUa - ^g"(lnO,a + ^^"'^6a = 


'2-paab 


+ 


2 

2g(aW6) - -q^Ufhab - 2g(„(ln^),(,) - 2M(„g,,)(lnO + 


2 


+ 


"^Q^C^^Ojhab + T^ab + 27rc(aUb)u'' + 27r/(„a;f) 




+ 


2 



(4.2) 
(4.3) 



(4.4 ) 
Proof: 

First we assume that timelike CMC exists in this spacetime and prove that 
the conditions given by Eq.(4.1)-(4.4) are satisfied. 

When we substitute value of the energy-momentum tensor for anisotropic 
fluid from Eq.(2.19) in Eq.(2.9), we have 

(p + p)UaUb + 2{p + p)U(aUb) + Pgab + '^QiaUb) + ^iaUb) + T^ab 

- 2pU(a{ln^),b) - 2q(a{lnC)^b) + 2pU(^a;b) + 2qfU(au!f,) + 2nf(au!f,-) 
= P[{p + p)UaUb + PQab + 2g(a'U6) + TTab] ■ 

This imphes that 

[p + 2p{\Ti^)]uaUb + [2p{u, - (lnO,c) + 2q, + 2(lnOgc 

1 1 
+ 2q' (cT/c + t^/c + -^Ohfc)]u{ahl) + {phcd + 2p{acd + -hcd) 

2 

+ TTed + -OtT^ + 2g(e[ltd) - (lu^.d] + 2T:f^^[w{^ + 

= (3[pUaUb + p/iafe + 2g(aMfe) + TTab]. (4.5 ) 

Contracting Eq.(4.5) in turn with u'^h^ h"'' and /ip/id — \h"'''hcd, we 

obtain 

p + 2p(lnO=/3p, (4.6) 
P^c [ ''^ft - {l^OA + 9c + (In ^jgc + qfU^Uc + g/a;f 

+ qf<^^ + \0Qc^ PQc, (4.7) 
3;? + 2pe + 2ufqf -2qf{\n^),f + 2TT''fafb = 3pp, (4.8) 

(^c^d - ^/i^^/icd) [2g(aM6) + 7r„6 - 2g(„(ln ^,6) + 2paab 
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+27r/(„u;f) + 2nf^aCTl) + -enab]=P{h''X-^h'''ha)^ab. (4.9) 

Since 

1 2 

(K^d - ■^h'^hcd){qaUb + QbUa) = 2g(citd) - -q^iibhcd, 

{Khd-lh''%d){7rfaa{ + 7rfb4) = 27ry(,ai) - ^/ied7r"V„6, 

2 , 

Thus Eq.(4.9) takes the following form 

2 • 2 

2p(7a6 + 2g(„'U6) - -g^-u/Ziab - 2g(„(ln^),6) - 2u(„g6)(ln,^) + -6'7ra6 

+ ^^■^(lnC),//iab + r^ab + 2nc(aUb)u'' + 27r/(aa;^) + 27r/(aO-^) 
2 

- :^-7^'^cr^hab ^ pTTab. (4.10) 

(z) Eq.(4.6) is the same as Eq.(4.1). 

(zi) Eq.(4.2) is obtained by expanding Eq.(4.7). 

(iii) Dividing Eq.(4.8) by 3, we get the condition (4.3). 

{iv) Condition (4.4) is the same as Eq.(4.10). 

Conversely, if the conditions (4.1)- (4.4) are satisfied, then there must exist 
a timelike CMC in an anisotropic fluid spacetime. For this purpose, we 
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consider the left hand side of Eq.(4.5) 



[p + 2p(ln C)]uaU^, + [2p(M, - (In e),c) + 2ge + 2g^(a/, + ujf, 
1 12 

+ 3^^/c)]w(a^6) + {Phcd + 2p((7cd + -hoi) + Tied + -6'7rcd 



Substituting the values from Eqs.(4.1)-(4.3) in the above expression, we ob- 
tain 

2 

2paab + 2g(„Mb) - -q-^iifhab - 2g(„(ln,^),5) - 2M(„g6)(ln^) 



2 2 f 



2 1 

+ '^'^f{aCr[) - ■^T^'^CTcdhab + + p)UaUi, + -(p - P + 2A)^„6 

+ '^q{aUb)\- (4.11) 
If we make use of Eq.(4.4), it follows that 

(3{pUaUb + phab + 2q(aUb) + TTab) 

which is equal to the right hand side of Eq.(4.5). Hence the conditions (4.1)- 
(4.5) are necessary and sufficient for anisotropic fluid spacetime to admit a 
timelike CMC. 

It is interesting to note that if we replace |(p + 3p — 2A) by p and 
|(p - p + 2A) by p in Eqs. (3.1) to (3.4) then we obtain Eqs.(4.1) to (4.4). 
This means that we can determine CMC from CRC. 



Proposition 4: 

Anisotropic fluid with the energy-momentum tensor, given by Eq.(2.19), ad- 
mits a SpCMC r = ix" if and only if 

p* + 2p(^i'^xJ-2(g'^xJ(lnO-2(g^¥,) + 2g%?/'^Xrf = /?p, (4.12) 
p[xl + (lnO,a-(lnO*a:a] + (7r„6x'')*-7r>Vx„ + 7redxV(lnO,„ 

- 27redxV(ln^)*Xa + TibaX^{\nCl* + x^qcihiiYua - ■KcdX*''x'^Xa 

- 'KcdX^x'^Ua + XcU^qdX^Ua + Tr'^^Xd^ac + qcX'^UJcdUa 

= Pl-Kabx'' - TVcdX^x'^Xa + qbX^Ua], (4.13 ) 

pNa + IptOabX^ qaX'^Ub - qbX^X^U^Xa - + qlx^Xa + qlvl'Ua 
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+ TTabX^'iln^i - 7rcdX''x'^{\n^)Xa + TTabX^ " TTcdX^x'^Xa - q^Acb 

= Pi-qa + Qbx'^Xa), (4.14) 

4p(ln 0* - 2pe + 3<;,a;"a;^ + 67r„6a;^a;"(ln 0* + ^TTabX^x*'' 

- 2xa7r^"(lnO,6 - ^Xaq'ujab - ^n^'Aab = 3/?w»x^ (4.15 ) 

2pSab + 27rc(„A^) - 2TT'^XdAc(^aXb) + 2x''7rc(aUb) - 2Hab'K'^A^d 

+ Kb + 2^i''<(a^t6) - 2a;%*(„a;b) + i^l^x'^x'^XaXb - 2Tr*^x'' u'^x^aUb) 

+ ^Hab7T*ax''x'^ - Ax''q{^a^b)c + Ax"" qdx"^ X (^a^b)c + 2 H abUJ cdQ" x'^ 

.c^d„ /i^ (■\ ^ I O/"!^ ^, 



+ 2a;%(a(ln^),b) - 2x^=0; 7rcd(ln^),(„a;b) + 2{\D.CjTic(aUb) 

- 2T:cdX''x'^{\xii)x(^aUb) - 2a;''(ln^)*7rc(aXb) + 2x'''KcdX'^{}TLQ*XaXb 

- Hab[XcT^'^{hl 0,d - TTcdX^x'^iln 0*] = /^fTTafe - 2x^7Tc{aXb) 

+ TrcdX^x'^XaXb + ^HabncdX^x'^]. (4.16) 
The proof follows similarly as for Proposition 3. 



5 Outlook 

Physically, there is a close connection of inheriting CKVs with the relativistic 
thermodynamics of fluids since for a distribution of massless particles in 
equilibrium, the inverse temperature function is inheriting CKV. This paper 
deals with the fundamental question of determining when the symmetries of 
the geometry is inherited by all the source terms of a prescribed matter tensor 
of EFEs. We have investigated timelike and spacelike CRCs and CMCs of 
anisotropic fluid using a particular procedure. 

We formulate conditions defining the CRCs and CMCs for anisotropic 
fluid. It is mentioned here that when we take iVab = = ga in anisotropic 
fluid, the conditions for timelike and spacelike CRC reduce to the conditions 
of perfect fluid [25]. Also, for Hab = 0, qa = 0, the conditions for timelike 
and spacelike CMC reduce to the conditions of perfect fluid [23]. Further, for 
a = 0, we obtain the conditions of RCs and MCs in each case of spacelike and 
timelike CRCs and CMCs for the perfect fluid. This shows that our results 
provide the generalization of the results already available in the literature. It 
is worthwhile to note that if we replace |(p+3p— 2A) by p and |(p— p+2A) by 
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p, then we can determine CMC from CRC. We have obtained the conditions 
for the existence of CRCs and CMCs in the models of anisotropic fluid. These 
conditions can be used as restriction for the EFEs. Since the non-linearity of 
EFEs ceases to extract their exact solution, the restricted equations may give 
interesting solution in respective spacetimes. It can be shown that a string 
fluid is the simplest example of anisotropic fluid with vanishing heat flux. 
It would be interesting to extend this procedure to the combination of two 
perfect fluids. This work is in preparation [26] and will appear elsewhere. 
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